ABSTRACT Objective: To compare genotypes of Candida albicans strains causing different conditions of vulvovaginal candidiasis (VVC) in Chinese women. Methods: C albicans strains were isolated from the vaginas of patients with different conditions of VVC. The genotypes of the strains were investigated based on single-strand conformation polymorphisms (SSCP) of the PCR amplified microsatellite locus CAI. Results: A total of 93 independent C albicans strains was isolated from patients with mild-to-moderate (n = 37) or severe (n = 56) VVC. Thirty of the patients enrolled suffered recurrent VVC. Twenty-six distinct genotypes tentatively designated as A to Z were identified from the 93 C albicans strains compared on the basis of their CAI SSCP patterns. The majority (72.0%) of the strains possessed genotypes A to D, which were similar in the CAI SSCP profiles and were designated as the dominant genotypes. The overall frequencies of the four dominant genotypes were 87.5% (49/56) and 48.6% (18/37; p,0.001) in the C albicans strains from patients with severe and mild-to-moderate VVC, respectively. The strains with the dominant genotypes occupied 83.3% (25/ 30) and 66.7% (42/63; p = 0.094) in the C albicans strains from patients with recurrent VVC and sporadic VVC, respectively. Conclusion: The frequency of C albicans strains with the dominant genotypes (A to D) from patients with severe VVC was significantly higher than that from patients with mild-to-moderate VVC, implying that the CAI genotype distribution of C albicans strains correlates with the severity of VVC.
Vulvovaginal candidiasis (VVC) is a common vaginal infection, affecting up to 75% of women of child-bearing age at least once in their lifetime, and approximately 5% of them will have recurrent VVC. On the basis of the severity of symptoms, frequency, causative agents and host factors, VVC is usually classified as either uncomplicated or complicated. 1 2 Approximately 10-20% of women will have complicated VVC. [1] [2] [3] The diagnosis and classification of different conditions of VVC are important for therapy. [4] [5] [6] [7] Candida albicans is the most common causative agent of both uncomplicated and complicated VVC, with a prevalence of approximately 70-90%; non-albicans Candida species, predominantly Candida glabrata, are responsible for the remainder. [8] [9] [10] The genetic differences of C albicans strains causing different conditions of VVC are still poorly understood. It is unknown whether genotypes of C albicans strains correlate with severity or other conditions of VVC.
Genotyping of vaginal C albicans isolates based on randomly amplified polymorphic DNA (RAPD) analysis failed to show the obvious relatedness of genotypes with VVC and recurrent VVC patient groups.
11 12 The severity of infection was not, however, considered in those studies. Furthermore, the RAPD assay has obvious limitations in reproducibility and reliability. 13 14 As the pathogenicity and antifungal susceptibility of C albicans often vary among strains, identification of the disease-causing strains is crucial for diagnosis, clinical treatment and epidemiological investigation. In addition to RAPD analysis, a variety of methods for strain typing of C albicans have been described and short tandem repeats or microsatellites have been increasingly used as molecular markers in recent years. 15 16 Among the polymorphic microsatellite loci that have been identified in the genome of C albicans, the locus called CAI, located in a non-coding region, appeared to be the most polymorphic exhibiting a discriminatory power of 0.97 based on GeneScan analysis. 15 16 The polymorphism of microsatellite CAI can be more effectively detected by single-strand conformation polymorphism (SSCP) analysis and a discriminatory power of 0.99 can be achieved. 17 In the present study, we used the newly developed CAI SSCP analysis approach to determine the genetic diversity of C albicans causing VVC and to examine the relationship between genotypes of strains and infection conditions of patients.
METHODS

Patients and diagnosis
A total of 93 patients with VVC, including 30 with recurrent VVC, were enrolled in this study. The ages of the patients varied from 20 to 51 years (with an average of 30.5 years). They were selected from the patients attending the clinics of the Gynecologic Department, Peking University First Hospital (northern China) and Peking University Shenzhen Hospital (southern China) during the period from April 2004 to September 2005. VVC was diagnosed by the presence of vulvar itching, vaginal discharge, microscopic detection of blastoconidia or pseudohyphae in a wet vaginal smear that was treated with 10% potassium hydroxide, and positive Candida culture. A moistened sterile speculum was used in the clinic examination. The patients infected by non-albicans Candida species were excluded.
The severity was scored based on the presence of symptoms and vulvovaginal signs (eg itching, burning, erythema, discharge and fissure). Each sign or symptom was scored as 0 for none, 1 for mild, 2 for moderate, and 3 for severe. The infection getting a total score of 7 or more was classified as severe VVC. Recurrent VVC was defined as four or more episodes of documented VVC during the past 12-month period. 1 
Culture and yeast identification
A conventional high vaginal swab taken from each patient was inoculated on CHROMAgar Candida (CHROMagar Co., Paris, France) and incubated at 37uC for 24-48 hours. 18 C albicans strains with the characteristic green colonies on the plates were isolated and re-identified by germ-tube testing and API 20C (bioMérieux, Lyon, France) coding. C albicans strain ATCC 90028 was used as a reference.
DNA extraction, PCR and SSCP analysis
Nuclear DNA extraction and PCR amplification of microsatellite CAI were performed according to the method of Li and Bai. 17 Briefly, C albicans strains actively growing on YM (Difco, Detroit, Michigan, USA) slants for two to three days under 30uC were used for DNA extraction. The microsatellite was amplified using a pair of primers (forward, 59-ATG CCA TTG AGT GGA ATT GG-39; reverse, 59-AGT GGC TTG TGT TGG GTT TT-39). PCR amplification was performed with a programme consisting of an initial denaturing step at 95uC for four minutes; 33 cycles of denaturation at 95uC for 30 seconds, annealing at 60uC for 30 seconds and extension at 72uC for one minute; and a final extension step of seven minutes at 72uC. SSCP analysis of the amplified CAI fragments were carried out by using the method described previously. 17 
RESULTS
Genotyping of C albicans strains
The PCR amplified fragments containing the CAI alleles of the 93 C albicans strains studied ranged from approximately 190 to 290 basepairs in length. The successful amplification of the CAI microsatellite also confirmed the strain identification, for the PCR reaction is species specific for C albicans. 15 As C albicans is a diploid organism, double CAI fragments were amplified from heterozygous strains that were dominant (86%) in the population studied, whereas single fragments were obtained from the homozygous strains.
The sequence polymorphisms of the CAI alleles were resolved by SSCP analysis. Three to six major bands (the bands with heavier relative intensity) and a few paler, minor bands usually appeared in the lanes of the SSCP analysis gels (fig 1) . The SSCP patterns of different strains were mainly distinguished by the numbers and relative positions of the major bands. The minor bands may contribute to further differentiation of C albicans strains with similar patterns to the major bands.
By using the CAI SSCP pattern of strain ATCC 90028 as the reference in comparison between different gels, 26 genotypes tentatively designated A to Z were identified from the 93 independent C albicans strains compared (table 1 1) . Genotypes I, N, P and Q accounted for two strains each, whereas the remaining minor genotypes accounted for only one strain each.
Genotype distribution of C albicans strains associated with different conditions of VVC 
DISCUSSION
PCR SSCP analysis of the CAI microsatellite has been demonstrated to be a powerful approach for strain typing of C albicans. 17 The technique can reveal three different levels of polymorphism that usually exist in microsatellites: the total lengths or numbers of nucleotide repeats; the structure of the repeated region; and point mutations inside or outside the repeated region. Strain typing of independent C albicans strains from sputum and other extragenital clinical samples including skin, oral mucosa, urine, feces, blood and pleural fluid indicated that few of the strains had the same or similar CAI SSCP patterns. 17 In contrast, the present study showed that the majority of independent C albicans strains associated with VVC possessed the same or similar CAI genotypes. The specific CAI SSCP patterns of the four dominant genotypes were rarely found in the strains from other sources. 17 The result suggests the existence of vaginopathic C albicans strains with tropism for the vagina. This phenomenon has not been reported before. 10 The results of this study also imply that genotypes of C albicans strains correlate with the severity of VVC. There was strong statistical evidence that the frequency of C albicans strains with the dominant genotypes from patients with severe VVC was higher than that from patients with mild-to-moderate VVC. The strains with the dominant genotypes were also more common in patients with recurrent VVC than in patients with sporadic VVC but the statistical evidence for this association was weaker. Among the 93 patients enrolled, approximately half were from Beijing, located in northern China, and the other half were from Shenzhen, located in southern China. No significant difference was found in the genotype distribution of C albicans strains in patients with different geographical origins. The present study implies that the strains with the dominant genotypes are more virulent than others in causing VVC, and that strain differences may play a significant role in the aetiology of VVC. These observations are inconsistent with those of previous studies. 11 12 19 When properly diagnosed, uncomplicated VVC may be treated effectively. Complicated VVC often turns into a management problem, however, resulting in frequent physician visits, considerable suffering, cost and a markedly negative effect on sexual relations. 7 20 21 Different conditions of VVC usually need different therapeutic strategies. The identification of specific genotypes that correlate with the severity of VVC is certainly of diagnostic and therapeutic significance.
Although the epidemiology of VVC has been extensively studied, the source of infection is still uncertain. Two main 
Key messages
c Genotypes of C albicans strains associated with different conditions of VVC in Chinese women were analysed by using a newly developed protocol based on SSCP of PCR-amplified microsatellite CAI. c Specific dominant genotypes existed in C albicans strains causing VVC. Correlation between the CAI genotype distribution of C albicans and the severity of VVC was revealed with strong statistical evidence, implying that the C albicans strains with certain genotypes are more virulent than others in causing VVC.
hypotheses have been proposed for the cause of recurrent VVC: re-infection from reservoirs in extragenital sites (eg gastrointestinal tracts) or through sexual transmission; [22] [23] [24] and relapse as a result of the incomplete eradication of Candida strains from the vagina. 10 25 Based on the results of DNA fingerprinting of multiple isolates from 18 patients using three probes, Lockhart et al. 23 proposed that the predominant scenario for recurrent VVC was strain maintenance with minor genetic variations, a process that they termed ''substrain shuffling''. Sexual activities have long been considered an aetiological factor in recurrent VVC; however, the contribution of sexual transmission of the infection remains unknown. 10 The present study provides a new approach and a new starting point for epidemiological research on Candida vaginitis. Investigation of the distribution of the dominant genotypes A to D in the C albicans strains from the vaginas of asymptomatic women, from extragenital sites, especially the gastrointestinal tracts and oral cavities of women with VVC and from the penises and oral cavities of men, will certainly be helpful in elucidating the source of the infection. 
